Deprotonation of 2-acetylpyridine was carried out in the presence of NaH as a phase transfer catalyst instead of NaOH to minimize side products formation. The products were then treated with two equivalents of alkyl/aryl halide to synthesize a variety of acetyl pyridine derivatives. The compounds were structurally characterized by 1 H-and 13 C-NMR spectroscopy in solution state. Structure of compound 2 was also confirmed in solid state by X-ray diffraction. Electronic properties such as Mulliken charges, frontier molecular orbitals (HOMO-LUMO), ionization energy (IE), electron affinity (EA), global hardness (η), Chemical Potential (μ) and Global electrophilicity (ω) of some compounds were investigated by the same theory using B3LYP-6-311G basis set.
INTRODUCTION
The pyridine as nucleus can be found in numerous natural products as well as in synthetic compounds and play a key role in chemistry of biological and non-biological systems. 1 Nitrogen containing heterocyclic compounds have anti-allergic, 2 antimicrobial, [3] [4] [5] [6] [7] [8] [9] [10] anti-bacterial, anti-fungal, 11, 12 anti-inflammatory, 13, 14 and anti-cancer 15, 16 activities. Many ligands derived from pyridine containing precursors are capable to couple with metals, the resulted complexes exhibit anti-tumor activities. 17 Among metals, Cu (II) and Co(III) complexes with pyridine derivatives efficiently interact with DNA 18 and can bind the two strands of DNA in an effective manner. Pyridine containing compounds and its metal complexes get much attention in the field of catalysis i.e. asymmetric synthesis 19 atom transfer radical polymerization 20 oligomerization 21 polymerization 22 and transfer hydrogenation of carbonyl compounds. 23 In this work an easy and facile substitution on -CH 3 group of the 2-acetylpyridine was carried out. The reaction was found to be equally effective with aryl and alkyl groups, formation of ether as byproduct or other side reactions were not observed. NaH instead of KOH/NaOH was used for the deprotonation of CH 3 group of 2-acetyl pyridine. In case of KOH/ NaOH unexpectedly ether is formed as major product exactly as in Williamson's synthesis. 24 All the desired compounds were obtained in very good quantity, they were purified by using purification techniques and were structurally characterized with the help of 1 H-and 13 C-NMR spectroscopy. Structure of compound 1 was confirmed in solid state by X-ray diffraction. Structural data of compound 2 and electronic properties of compounds 1-3 were calculated by DFT. Experimental and theoretical data of compounds are discussed.
EXPERIMENTAL

General
All manipulations were performed in Schlenk-type glassware. Carefully dried toluene and oven-dried glassware were used throughout. The 2-acetyl pyridine (Sigma Aldrich), 18-Crown-6-ether (TCI Japan), Sodium hydride (Alpha Aesar), 1-(bromomethyl)-4-methylbenzene (TCI, Japan), 2-(bromomethyl)naphthalene (TCI, Japan), iodomethane (Alpha Aesar) were commercial products and were used as received. The NMR spectra for compounds 1-3 were recorded in CDCl 3 using AVANCE AV-300 spectrophotometer, chemical shifts are given relative to Me 4 Si [δ 1 H (CHCl 3 ) = 7.23; δ 13 C(CDCl 3 ) = 77.0; Chemical shifts are given to ±0.1 for both 1 H and 13 C-NMR. Crystal structure of compound 2 was determined by STOE-IPDS II equipped with low temperature unit. Structural solutions and refinements were accomplished by using SIR 97, 19 
SHELXL97
, 20 and WinGX. 21 Melting point uncorrected was determined by melting point apparatus model SMP 10, England. All quantum-chemical calculations were carried out using the Gaussian 03 program package. Optimized geometries at the B3LYP/6-311+G level of theory were found to be minima by the absence of imaginary frequencies.
25-30
Synthesis of 2-Methyl-1-(pyridine-2-yl)propane-1-one, 1 Following the literature procedure 31, 32 with modification, a 250 mL round bottom flask was charged with 29 mmol L -1 (3.53 g, 2 mL) of 2-Acetylpyridine in 58 mL dry toluene. After some time 3 equivalents, 2.1 g of Sodium hydride and 0.2 mol% of 18-crown-6-ether were added and the mixture was stirred for 20 minutes followed by addition of 2 equivalents (3.5 mL) of iodomethane. The reaction mixture was kept stirring for 3 h at 23±1 °C. The reaction mixture was washed with ethyl acetate several times. The solvent and other readily volatile materials were evaporated. The final product was purified with the help of column chromatography and was obtained as viscous oils. 
Synthesis of naphthalene substituted derivative 3
Compound was prepared according to the procedure described above by using 2-(bromomethyl)naphthalene (12.88 g, 58 mmol), 2-Acetylpyridine (29 mmol, 3.53 g, 2 mL) Sodium hydride (2.1 g) and 18-crown-6-ether (0.2 mol%).
R= 
X-RAY CRYSTALLOGRAPHY
A crystal of appropriate size and suitable dimensions was selected for X-Ray structure determination. The diffraction intensity data were collected on a IPDS II diffractometer Mo-Kα radiation (λ = 0.71073 Å) at 133±1 °C. Final refinement on F2 was carried out by full-matrix least-squares techniques. Structure solution and refinements were accomplished with SIR97, SHELXL-97 [19] [20] [21] and WinGX. 33 
DFT calculations
The structure of compound (2) was obtained from X-ray crystallographic data. The molecular structure of (2) (C 23 H 23 NO) in ground state was optimized by DFT method including correlation correction using B3LYP/6-311G model of theory. [25] [26] [27] [28] [29] [30] [34] [35] [36] Optimized structure of the compound is given in Figure 2 . Frontier molecular orbitals (HOMO-LUMO) energies, optimized geometries gaps, global hardness, ionization potential, electron affinity and global electrophilicity was calculated for compounds 1-3, using the same basis set. All quantum-chemical calculations were carried out using the Gaussian 03 program package. 37, 38 Optimized geometries at the B3LYP/6-311+G level of theory were found to be minima by the absence of imaginary frequencies. [25] [26] [27] [28] [29] [30] 
NMR SPECTROSCOPY
The NMR data of compounds 1-3 are given in experimental section. The data is straightforward and show certain characteristic peaks in both 1 H and 13 C-NMR spectra. The R 2 CH proton appeared in its characteristic aliphatic region (≈ 2.9-4.0 ppm) and can easily be identified from its multiplicity. Other protons corresponding to R group and pyridyl group appear in the expected region. The 
RESULTS AND DISCUSSION
Treatment of 2-acetyl pyridine with twofold excess of benzyl bromide in the presence of NaOH (as base) normally afford α-substituted acetyl pyridine (desired products). Analyzing reactions with the help of GC and HPLC show considerable amount of unreacted 2-acetyl pyridine and some peaks corresponding to unknown side products. The same reaction was repeated without adding 2-acetyl pyridine under the same reaction conditions and the same peak was observed as in previous reaction. The compound was characterized by NMR which shows 4 aliphatic and 10 aromatic hydrogen atoms. The data so obtained show that during reactions dibenzyl ether is formed as side product instead of the desired products. The same compound can be obtained as major product in Williamson's synthesis 24 as shown in Scheme 2.
Proposed mechanism
A detailed mechanism of the reaction is given in Scheme 3. In first step, Br-from the corresponding Ar-Br substrate is replaced by HO-followed by water elimination and oxide ion formation. Since Aryl halide is present in excess and another equivalent reacts with the oxide radical to give dibenzyl ether (side product).
To avoid the formation of side products, the strategy was modified by using NaH as a base instead of NaOH as shown in Scheme 1. In first step, H abstraction takes place to afford radical A which then reacts with R-X to give mono-substituted precursor B. The precursor B is still sensitive towards hydride attack and another H is abstracted
Scheme 1. Reaction of 2-acetyl pyridine with alkyl/aryl halides: A novel method towards syntheses of 2-acetyl pyridine derivatives
since NaH is being used in excess (> two equivalents) shown by C and the reaction of R-X gives the final product D in the same way as in previous step. During the course of these reactions, side products were not detected as discussed above.
Single crystal X-ray diffraction analysis
Compound 2 was synthesized and subsequently purified as discussed in experimental section. The solid was dissolved in n-hexane and kept undisturbed. After few days needle-like crystals appeared in the solution. Crystals were separated from the solution and the structure was determined for a single crystal. The compound crystallizes in monoclinic system (α = γ = 90, β ≠ 90) with the space group P21/c. Crystallographic data pertinent to compound 2 are given in Table 1 . The experimental and calculated data (for gaseous molecule), DFT (B3LYP/6-311G), (bond lengths and bond angles) are given in Table 2 . The molecular structure of compound 2 is presented in Figure 1 . There is negligible effect of substituents (p-Me) on the geometry around C1. The sum of angles around C1, ∠O1-C1-C2 119.07, ∠C7-C1-C2 118.69 and ∠O1-C1-C7 122.11 is approximately 360° and geometry around C1 is trigonal planer. The atoms C1-O1-C7-C2 are co-planar and are even in the same plane with the principal pyridine ring. This data show the same structural Crystal of compound 2 with partial labelling scheme ellipsoids drawn at 50% probability, hydrogen atoms are omitted for clarity features as already described in literature. 31, 32 The paraxylyl rings are twisted by 83.76° and 35.03° with respect to the principal pyridine ring of the molecule.
Frontier Orbitals (HOMO-LUMO)
In general, electrons occupy the atomic orbitals which combine to form molecular orbitals. These orbitals are either HOMO (Highest occupied molecular orbital) or LUMO (Lowest unoccupied molecular orbital) also called frontier orbitals and the gap between these orbitals is known as the energy gap or band-gap. For explanation of different types of reactions and determination of different reactive sites in conjugated molecules, frontier orbital and their properties like band-gap is very important. The study of these orbitals and their energy gaps is helpful to get information about reactivity and stability of molecules. 30 The HOMO-LUMO gaps are strongly dependent upon the substituent attached to a molecule and may cause an increase or decrease in overall energy of the system. 39 The band-gap is sometimes used as a measure of excitability of molecules. The smaller the energy gap the more easily electron will be excited. It helps to evaluate a system for luminescence properties to be exhibited by that system. 28 The study of energy related to frontier orbitals of molecules provides quantitative data. 40 The HOMO are outer orbitals containing electrons and tend to donate these electrons so the energy of HOMO is associated with ionization potential. The LUMO tend to accept electrons so the energy of LUMO is associated with electron affinity. 30 The HOMO/LUMO energy gap of compound 1-3 and starting material i.e., 2-acetylpyridine has been calculated by using B3LYP 6-311G and pop = Reg bases sets of theory (Table 3 and Figures 1S-4S in supporting information) . The HOMO of starting material (2-acetyl pyridine) and compound 1 are slightly delocalized on pyridine ring and carbonyl group and in both cases the LUMO are localized on carbonyl moiety with band-gap of 0.176 eV and 0.183 eV respectively. The HOMO of compound 2 is localized over the C 6 H 4 moiety of the 4-Me-C 6 H 4 -CH 2 group and LUMO are localized over pyridine and carbonyl carbon with band-gap of 0.165 eV. And the HOMO of compound 3 are localized on nepthyl moiety and LUMO are localized on pyridine ring with band-gap of 0.132 eV given in Figures 2S-4S in supporting information. The data obtained regarding HOMO-LUMO energy and other selected electronic properties and summarized in Table 3 .
Global hardness is hypothetical feature of a molecule and cannot be estimated experimentally. It is an opposition towards polarization of electron cloud of an ion, molecule or atom under small perturbation of chemical response. The global hardness is less for alkali metals and high for noble gases. 41 It is a measure of stability and reactivity of molecules. If the molecules are hard it defines that the molecules tend to be more stable and un-reactive because they cannot undergo change in electronic charge much easily. 42 The value observed for compound 1 is 0.083 (see Table 3 ) which is very low and shows that the molecule has considerable hard characters. The concept of electrophilicity helps in understanding the mechanism of organic reactions. 43 Ingold proposed the first global electrophilicity scale to describe electrophile and nucloephile specie based on valence electron theory. 44 The global electrophilicity is a useful structural predicator of reactivity and is used in investigation of chemical reactivity of molecules. 45 The concerned data is relatively high and indicates that the molecule can show moderate reactivity.
CONCLUSION
A comprehensive literature survey shows that very few is known about the analogous compounds. 46, 47 As far as our results are concerned all our compounds are novel and the structural data related to these compounds are reported for the first time. The method is quite efficient and no side reaction/products were observed during this work. Reaction of 2-acetylpyridine with NaH in the presence of phase transfer catalyst affords substituted products. The synthetic method is very efficient and is the only access to such type of derivatives. The solid state and gaseous phase data of one derivative can be well compared. The energy gap between HOMO-LUMO of the molecules is considerably low, indicating high reactivity of the molecule to be effective in secondary reactivity.
SUPPLEMENTARY MATERIAL
Figures 1S to 7S are available for download at http://quimicanova. sbq.org.br in pdf format with free access.
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